On the basis of the relative daily logarithmic returns of 88 different funds in the Chinese fund market (CFM) from June 2005 to October 2009, we construct the cross-correlation matrix of the CFM. It is shown that the logarithmic returns follow an exponential distribution, which is commonly shared by some emerging markets. We hereby analyze the statistical properties of the cross-correlation coefficients in different time periods, such as the distribution, the mean value, the standard deviation, the skewness and the kurtosis. By using the method of the scaled factorial moment, we observe the intermittence phenomenon in the distribution of the cross-correlation coefficients. Also by employing the random matrix theory (RMT), we find a few isolated large eigenvalues of the cross-correlation matrix, and the distribution of eigenvalues exhibits the power-law tails. Furthermore, we study the features of the correlation strength with a simple definition.
Introduction
The financial markets have been perceived as a collection of nonlinear interaction units [1] . Physicists are making great efforts to probe the empirical laws, construct the financial models and explore the economical theories, which will help us to understand such complex interactions. Especially, the financial markets have been found to exhibit some universal features, which are similar to those observed in physical systems with large numbers of interacting units [2] . For example, the logarithmic return distributions of the real world markets display the peak-center and fat-tail properties [3, 4] , and there exists the intermittent behavior in the price changes [5] , etc.
The Chinese fund market (CFM), with a history of about 10 years, contributes substantially to the Chinese financial market, and promotes significantly to establish a sound and complete financial system. Particularly in the recent years, on the basis of its inherent features of moderate risks and considerable benefits, with the trading volume and the industry size growing steadily, the CFM plays a more and more important role in the Chinese financial market [6] .
Through issuance of the funds, the fund management companies raise the money from the investors, and then, they use these collected financing to invest in stocks, bonds, financial derivatives, real estate industry or some other prosperous companies, etc. Afterwards, the fund management companies and the investors share the investment risk and revenue.
There are many common economic factors in the fund market [7] , which influence the fund transactions, including the investment portfolio, the risk prediction, and the deposit interest rates, etc. The funds with the same common economic factors are strongly correlated with each other and tend to be grouped into a community. Therefore, to investigate the nature of correlations among the funds is very important to comprehend the pricing mechanism in the fund market [8] . Generally, the cross-correlation matrix [9] has been used to analyze such interactions among the funds, and if we can obtain significant information embedded in the cross-correlation matrix, we will better understand the CFM.
Previous studies about the financial networks have focused on the topological properties and the formation principles [8] , which revealed that the degree distribution of the stock network follows the power-law [10, 11] . Whether the stock logarithmic returns from pricing models can explain interactions among stocks was also investigated, which may show the deterministic factors that significantly affect the formation process of the stock networks [12, 13] .
At the same time by using the scaled factorial moment [14] and the random matrix theory [15] , we investigate the characteristics of the cross-correlation matrix about the relative logarithmic return. The whole text is organized as follows. We show the construction of the cross-correlation matrix in Sec. 2. Section 3 presents the distribution, the mean value, the standard deviation, the skewness and the kurtosis of the elements in the cross-correlation matrix. In Sec. 4, applying the scaled factorial moment method, we analyze the features about the distribution of the correlation coefficients in different time scales. Section 5 depicts the eigenvalue statistics of the cross-correlation matrix. In Sec. 6, we investigate the correlation strength with a simple definition. The conclusion is given in the last part, Sec. 7.
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Construction of the Cross-Correlation Matrix
Here, we chose a 4-year research period ranging from June 2005 to October 2009, and collected the daily closed prices of 88 funds from the web-site of the Chinese fund market [16] . Let p i (t) be the price of fund i at moment t, then the logarithmic return of the fund i after a time interval ∆t is defined as
where the logarithmic return r i (t) denotes the logarithm fluctuation of the price during the time interval ∆t, which can be taken as 1 day, 1 week, or 1 month. To reduce the influence of different investment portfolio, we define the relative logarithmic return
where R i (t) denotes the relative logarithmic return of the fund i at time t, which refers to the logarithmic return r i (t) as compared to average logarithmic returns of the whole 88 funds at time t. Firstly, we calculated the relative daily logarithmic returns of the 88 funds from June 2005 to October 2009, where only the absolute values are considered. The distribution of the absolute relative logarithmic return P (|R|) is shown in Fig. 1 . The Kolmogorov-Smirnov test has been employed to test the distribution of the relative logarithmic returns, which indicates the P value of 0.36, being greater than 0.05. Thus the distribution of the relative logarithmic returns is indeed exponential.
Such similar distributions have been reported in the Indian [17] , Japanese [18] , German [19] , Brazilian markets [20, 21] , and US market [22, 23] , thus we should be aware of the presence of the exponential distribution and recognize it as another "stylized fact" in the set of analytical tools for financial data analysis [24] .
Then the elements of the cross-correlation matrix C are
where C is a real symmetric matrix with positive eigenvalues, and the values of C ij range from −1 to 1: C ij = 1 means the perfect positive correlations, while C ij = −1 shows the perfect negative correlations and C ij = 0 predicts no correlations.
Basic Properties of the Cross-Correlation Coefficients
The cross-correlation coefficients C ij reflect the correlation degree of the relative logarithmic return between funds i and j, while the distribution of the cross-correlation coefficients shows the correlation situation of the whole fund market. To compare the distributions of the correlation coefficients in different years, the correlation has been computed over one year long data blocks from June 2005 to May 2009, and the distributions are shown in Fig. 2 .
In the fund market, the cross-correlations among different funds are not independent. For example, in the same subset, the price of the funds may rise or 
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fall simultaneously, which may result in the correlation matrix for each subset of funds might have a positive determinant. However, the situations do not always happen like that, and here the time span we considered is one year, which dramatically minimizes the effect of this dependence. Therefore, this dependence of the cross-correlation has little influence on their distributions of the one-year-long database.
As one can observe that the cross-correlation coefficients mainly distribute in the regimes of either large or small values, which means there may exist some communities in the fund market who share the same or the inverse investment portfolio. In other words, there exists some leading fund management companies in the fund market, and the others just imitate their actions, like the herding behaviors in the stock market [25, 26] .
In order to gain some information embedded in the fund market, we shift to a continuous analysis of the 88 funds from June 2005 to October 2009, and characterize the cross-correlation distribution by its first four moments, the mean value, standard deviation, skewness and kurtosis of the cross-correlation coefficients.
Firstly, the whole continuous time span has been divided into several bins, the length of every bin is T = 5, since only five transaction days in a week. Then, we calculate the first four moments of the cross-correlation coefficients in each bin, therefore a specific point just reflects the trend of that week, it belongs to. So many discrete points have been connected by a smooth line. From Fig. 3 , an interesting finding is that the effects of two major bubbles in the Chinese financial market are clearly visible, where the mean values of the cross-correlation coefficients are larger than others during the initial time of bubbles, while the values of the skewness and the kurtosis also become larger during the intermediate periods of the bubbles. This interesting phenomenon may imply that people might take similar actions during the bubble periods.
Furthermore, we also considered whether these four different measures are correlated by calculating the Pearson's linear and Spearman's rank-order correlation coefficients, the values of which between the mean value and the standard deviation are 0.95 and 0.91, while the ones between the skewness and kurtosis are 0.93 and 0.97, respectively. Thus, the first two and the last two measures are very strongly correlated with each other.
Scaled Factorial Moment Method
The study of non-statistical fluctuations in the multi-particle production has entered into a new era since Bialas and Peschanski introduced an attractive methodology, named as the scaled factorial moment method [27] , which has the feature that it can measure the non-statistical fluctuations avoiding the statistical noise [28] . Now, it has been widely used in the analysis of event by event correlations and fluctuations, such as the DNA sequence [29] , the hadronic decay [30] , and the spectra of complex networks [31] , as it allows for a direct access to the dynamical fluctuations of the multiplicity with the function of dismissing the statistical fluctuations due to finite number of events [14] . While applied to the financial systems, it provides a way to analyze the intermittency or the self-similarity behaviors in the dynamics of distribution of the correlation coefficients, despite the limited financial data.
The intermittency of a time series can be defined as its normalized difference in scaling parameters. Many observed time series are intermittent in the sense that observations differ dramatically from previous observations from time to time, for example, fast increases in the heart rate resulting from physiological activity exhibit intermittency. It is an essential property of the system, which also reflects the selfsimilarity behavior, and has been estimated to characterize data. The concept of intermittency we considered here has connections with the concept of multi-scaling or multi-fractal in the stochastic processes to a certain degree.
Imitating the methods in the high energy nuclear collisions, the scaled factorial moment has been used to search for the intermittency in the cross-correlation coefficients. We firstly divide the value range of the cross-correlation coefficients ∆ into M intervals δ, with M = ∆/δ, n is the number of cross-correlation coefficients that
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fall in δ of one event. Here "one event" refers to the ensemble of cross-correlation coefficients among a single fund and the other funds, then the q-order scaled factorial moment is defined as
where the brackets mean an average over all events. If power-law scaling follows, just as
then we can say that the intermittency phenomena is observed in the behavior of multiplicity fluctuations, where ϕ q is the intermittent exponent. The intermittency phenomena also indicates the self-similarity characteristics of the system [14] .
Calculating the second-order scaled factorial moment F 2 , we showed the relationship between F 2 and the intervals δ in Fig. 4 , in which the power-law scaling has been shown in the double-logarithm scale, with
This scaling has been found in different time scales: one month, one quarter and one year, which suggests it is insensitive to time span. Hence, we see that the intermittence phenomena exists in the fluctuation of cross-correlation among the relative fund logarithmic returns, and so does the self-similarity characteristics in the dynamics of the cross-correlation coefficients. This may further show the evidence that the fluctuations of the fund prices obey the long-range correlations [32] .
Eigenvalue Statistics of the Cross-Correlation Matrix
In statistics, a random matrix is a matrix whose elements are random variables, and many important features of the physical systems can be represented mathematically as the random matrix problems [33] . In the 1950s, Wigner applied the random matrices to model the energy levels at nuclear reactions in quantum physics [34] [35] [36] .
Since then, the random matrices have been of great importance in statistics. The cross-correlation matrices are of great importance to extract the underlying information in the empirical data. There have been many reports on the applications of random matrix theory (RMT) to the investigation of the correlation and covariances of stock price changes [37] , which shows the distribution of the eigenvalues and the components of most of the corresponding eigenvectors largely follow that of the relevant ensemble of random matrices [38] , and there exists many eigenvalues which are larger than the maximum expected for a completely random matrix, etc. [39] . However, the assumptions on the random matrix can strongly affect its spectrum. Recently, many researches have been carried out to investigate which spectrum can be yielded by the covariance matrices, built from time series with non-Gaussian statistics, for example, the Lévy α-stable statistics. Politi et al. [40] have reviewed the analytic derivation of the spectral density of free stable WishartLévy random matrices, which was already solved by Burda et al. [41, 42] , and furthermore, they have validated numerically the analytic results by the Monte Carlo simulations.
Here, we analyze the cross-correlation matrix of the relative daily logarithmic returns of the 88 funds from June 2005 to October 2009, and the main goal is to find more evidence on the applicability of the RMT to the analysis of the CFM. Therefore, we calculate the eigenvalues of the cross-correlation matrix and show the distribution in Fig. 5 .
We have tested the spectrum by using a KS-type goodness-of-fit test for power law distribution hypothesis [43] , firstly, the power-law exponent has been calculated by applying the maximum likelihood estimation (MLE), then the KS test has been employed to calculate the maximum distance between the hypothesized cumulative distribution and the empirical distribution. It is found that K = 0.1526 is below the 0.9 quantile and 10 samples, therefore, with the observed significance level greater than 10%, there is insufficient evidence to reject the hypothesis that the distribution is a power-law. Furthermore, we can find that most eigenvalues of the cross-correlation matrix are very small, while a few of them are much bigger, which may indicate that a few funds' price variation can have a dramatic effect on other ones' prices.
Correlation Strength
From the above analysis, we know that the funds are correlated. In this part, we investigated the correlation from the weight point of view [28] . This study may provide information for the importance of a fund i in the whole Chinese fund market, and can be quantified by the correlation strength S i ,
where N = 88, the total number of the funds. We plotted the distribution of the correlation strength in Fig. 6 , and employed the same method in Sec. 5 to test the distribution, which shows the observed significance level is also greater than 10%. There is insufficient evidence to reject the hypothesis that the distribution is a power-law, with P (S) ∝ S −γ , γ = 1.39.
On the one hand, the power-law decaying distribution may again illustrate that there exists a couple of funds having strong influence in the fund market, which powerfully affect the fluctuation of the other funds' prices. We listed the top 15 funds with large correlation strengths in Table 1 , and the results are close to that of the fund rating in five years by the Morningstar corporation and the Lipper company [44] .
On the other hand, the presence of a scaling invariance in the correlation of the fund market would be related to the ultimate hierarchical structure, which is similar to the results in [45, 46] . 
Conclusion
We have studied the characteristics of the cross-correlation matrix for the relative daily logarithmic return of the Chinese fund market by using the concepts and methods of data analysis. We have discovered the relative daily logarithmic return of the 88 funds exhibits the exponential distribution, and studied the basic properties of the crosscorrelation coefficients, which include the distribution, its first four moments and their correlations with one another. The descriptive statistical measures such as mean value, standard deviation, kurtosis and skewness of the cross-correlation coefficients show distinct behavior in the main two bubbles of the Chinese financial market.
By using the scaled factorial moment method, we observed the intermittency phenomena. This may suggest that the distribution of the cross-correlation coefficients is time-dependent, and has the self-similarity property that brings the scale symmetries embedded in the topological structures of economical systems.
We have examined the structure of the cross-correlation matrix by employing the random matrix theory (RMT), which suggests that the distribution of eigenvalues of the cross-correlation matrix exhibits the power-law tails, and there exist a few isolated large eigenvalues.
The correlation strength of each fund is defined as the average of weights, namely the absolute values of the cross-correlation coefficients, which images the importance of the fund in the whole fund market. We have found the strong correlations present in the CFM. Some funds have the strong influence in the fund market, which greatly affect the fluctuation of the other funds' prices.
Our work may shed light on interpreting the pricing mechanism in the Chinese fund market. Future studies may pay attention to the community structure analysis of the CFM.
